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(57) ABSTRACT

A knock sensor 1s constructed by putting and fitting com-
ponents including an annular piezoelectric element, terminal
plate, insulating sheet and weight onto a base consisting of

a flange portion and a tubular portion, forming a groove part
on a tip outer circumierential surface of the tubular portion,

fitting a stopper ring functioning to apply an axial preload to
the components onto the tubular portion, and caulking

fixedly the stopper ring and the tubular portion into the
groove part.

20 Claims, 3 Drawing Sheets
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KNOCK SENSOR AND MANUFACTURING
METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a non-resonant type
knock sensor that i1s mounted on an internal combustion
engine.

The mvention also relates to a manufacturing method of
such a knock sensor.

2. Description of the Related Art

A non-resonant type knock sensor mounted on an internal
combustion engine 1s constituted so as to convert knocking
vibration into voltage signals with a piezoelectric element
sandwiched and press-held 1n an internal part of the internal
combustion engine, and output the voltage signals as output
signals when the knocking vibration takes place in the
internal combustion engine. This type of knock sensor is
well known by the Japanese Patent Publication (unexam-
ined) No. 257624/2002, for example. FIG. 6 1s a cross
sectional view showing an internal structure of the knock
sensor shown 1n the above publication. This knock sensor 40
1s constituted as follows. A metal base 21 consists of a
disk-shaped flange portion 21aq and a tubular portion 215
axially extending from this tlange portion 21a, and includes
a through hole 22 provided through both of the mentioned
flange portion 21a and tubular portion 215. Onto this metal
base 21, a lower-side 1nsulating sheet 7, a lower-side termi-
nal plate 5, a piezoelectric element 4, an upper-side terminal
plate 6, an upper-side insulating sheet 8, and a weight 9 are
put and fitted 1n sequence from the bottom. Next, a nut 23
1s screw-engaged with a male thread part 21¢ that 1s formed
on the outer circumierential surface of a tip end of the
mentioned tubular portion 215, and the mentioned compo-
nents are fastened with a predetermined torque using a tool
such as torque wrench fastening head. Thereafter, a terminal
part 14 1s joined to the lower-side terminal plate 5 and the
upper-side terminal plate 6 by soldering or resistance weld-
ing, and the resultant structure other than an inner circum-
terential surface and two end faces of the mentioned tubular
portion 215 of the base 21 1s covered with a resin mold to
form a case 13. Whereas, a connector part 15 for fetching out
signals 1s formed protruding from one side face of the case
13 and 1s simultaneously molded with the terminal part 14
as an integral part.

This type of knock sensor 1s mounted on the internal
combustion engine with a bolt to be 1nserted into the through
hole provided 1n axial direction of the base. When knocking,
vibration takes place at the internal combustion engine, the
components such as piezoelectric element, weight, etc.
forming the knock sensor vibrate together with the knocking
vibration, this vibration 1s converted into voltage signals
with the piezoelectric element, and the detected signals are
outputted to outside via the lower-side terminal plate and the
upper-side terminal plate. Accordingly, 1t 1s necessary for all
the components to be firmly pressed with a predetermined
mechanical preload, as well as to be kept 1n this state at the
time of occurrence of acceleration due to knocking of the
internal combustion engine. Any change in preload causes
output characteristics or detection sensitivity of a piezoelec-
tric element to vary, thus making 1t hard to execute knocking,
detection.

Moreover, 1n the conventional knock sensor 40 con-
structed as described above, since the components such as
the msulating sheets 7, 8, terminal plates 5, 6, piezoelectric
clement 4, and weight 9 that are stacked on the base 21 are
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sandwiched and pressed by clamping with the nut 23, there
are problems as described below.

That 1s to say, although clamping with the nut 23 intends
to provide a predetermined preload to the piezoelectric
clement 4, controlling a torque with a tool such as torque
wrench fastening head, a problem exists in that a preload to
be exerted on the piezoelectric element 4 1s not stable due to
fluctuations 1 clamping torque of the nut 23 or coetlicient
of friction or dimension between the female screw part of the
nut 23 and the male thread part 21¢ formed on the base 21.
This unstable preload causes fluctuations 1n output charac-
teristics and detection sensitivity at the time of knocking
detection. Furthermore, 1t 1s sometimes the case that metal
chips are produced during machining a screw such as screw
thread cutting, and the chips having been caught on the
screw part drop and get in between electrodes of the piezo-
clectric element 4 at the time of sensor assembling or at the
time of resin molding of the case 13 to bring the electrodes
in short circuit eventually resulting 1in the disorder of the
SENSor.

Moreover, due to the fact that the nut 23 1s used or that the
male thread part 21¢ 1s formed on the base 21, not only a
high production cost 1s required, but also it 1s necessary to
pay attention to the control of a clamping torque of the nut
23 or the screw-engagement between the nut 23 and base 21.
As a result, the conventional knock sensor has a further
problem of making it diflicult to achieve the automated
assembling of a sensor.

SUMMARY OF THE INVENTION

An object of the present imnvention 1s to solve the above-
discussed problems incidental to the prior art.

The second object of the invention 1s to provide a knock
sensor and a manufacturing method thereof, in which a
predetermined preload 1s applied with accuracy to a piezo-
clectric element to make output characteristics or detection
sensitivity stable.

The third object of the invention 1s to provide a knock
sensor and a manufacturing method thereof, 1n which short
circuit fault caused by the above-described metal chips is
climinated.

The fourth object of the imnvention 1s to provide a knock
sensor and a manufacturing method thereof which can be
manufactured at low cost owing to cost reduction of parts
and easier assembling.

A knock sensor according to the first aspect of the
invention imcludes: a metal base consisting of a disk-shaped
flange portion and a tubular portion extending axially from
the flange portion, and provided with a through hole running
through both of the mentioned flange portion and tubular
portion; an annular piezoelectric element, terminal plate,
insulating sheet, and weight that are fitted onto the tubular
portion ol the mentioned base; and holding means for
holding the mentioned components sandwiched and pressed
between the holding means and the mentioned flange por-
tion. In this knock sensor, the mentioned holding means 1s
provided with a groove part on a tip outer circumierential
surface of the mentioned tubular portion; and a stopper ring
acting to apply an axial preload to the mentioned compo-
nents 1s put and fitted onto the mentioned tubular portion;
and the mentioned stopper ring and the mentioned tubular
portion are fixedly caulked into the mentioned groove part.

A manufacturing method of a knock sensor according to
the second aspect of the mnvention includes the steps of:
fitting 1n sequence an annular piezoelectric element, termi-
nal plate, insulating sheet, and weight onto a base having a
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flange portion and a tubular portion; pressing downward the
mentioned stopper ring while applying an external load in
axial direction; controlling positions of pressing downward
to cause the mentioned stopper ring to stop at a predeter-
mined position; caulking the mentioned stopper ring and the
mentioned tubular portion into a groove part formed on a tip
outer circumierential surface of the mentioned tubular por-
tion 1n a state that the mentioned stopper ring presses the
mentioned components to the mentioned flange portion; and
holding the mentioned components sandwiched and pressed
between the mentioned stopper ring and the mentioned
flange portion.

The knock sensor according to the first aspect of the
invention 1s constructed such that an external load 1s applied
axially to the stopper ring and the components such as
piezoelectric element or weight can be pressed to the tlange
portion, and furthermore the stopper ring can be fixedly
caulked 1nto the tubular portion 1n such a state. As a resullt,
supposing that positions of the stopper ring being pressed
are controlled while pressing 1t downward 1n axial direction,
it 15 possible to adjust with accuracy a preload to be applied
to the mentioned components; and it 1s further possible that
the stopper ring and tubular portion are fixedly caulked in
the state of this preload being applied. Consequently, it 1s
possible to give with accuracy a predetermined preload to a
piezo electric element to make output characteristics and
detection sensitivity stable. Further, since there 1s no screw
thread on a nut or base, metal chips prone to be a cause of
short circuit of a sensor are not produced. Furthermore, the
use of nuts or the screw threading the tip end of the base
tubular portion comes to be unnecessary, thus enabling to
achieve reduced cost of parts.

In the manufacturing method according to the second
aspect of the invention, the stopper ring 1s pressed down-
ward while applying an external load in axial direction; and
a load during pressing downward are measured, and a
position at which the stopper ring 1s to be stopped 1s
controlled. As a result, 1t comes to be possible to adjust with
accuracy a preload to be applied to components such as
piezoelectric element or weight. Further, since the stopper
ring and tubular portion are fixedly caulked 1n the state that
a preload 1s applied to the components, the components are
sandwiched and pressed with a predetermined preload
between the stopper ring and the flange portion even atter an
axially external load has been eliminated, thereby enabling
to make output characteristics or detection sensitivity stable.
Furthermore, according to the manufacturing method of the
invention, 1t 1S unnecessary to pay any attention to the
control of clamping torque of the nut or screw-engagement
between the nut and base, thus enabling to simplify the
assembling and adjustment of a sensor and making it easy to
be automated.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a cross sectional view of a knock sensor 1
showing a first preferred embodiment of the present inven-
tion.

FIG. 2 1s a cross sectional view of a knock sensor 20
showing a second embodiment of the mmvention.

FIG. 3 1s a cross sectional view of a knock sensor 30
showing a third embodiment of the imnvention.

FIG. 4 1s a cross sectional view showing a manufacturing,
method of a sensor according to the embodiment of the
invention.

FIG. 5 1s a cross sectional view taken along the line B—B
of FIG. 1.
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FIG. 6 1s a cross sectional view of a knock sensor 40
according to the prior art.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Embodiment 1

Hereinatter, several preferred embodiments according to
the present invention are described with reference to the
drawings. In addition, the same reference numerals indicate
the same or like parts to the aforementioned prior art, and
further descriptions thereol are omitted.

FIG. 1 1s a cross sectional view showing an internal
structure of a knock sensor 1 being a first embodiment
according to the mvention. Reference numeral 1 designates
a knock sensor, all components of which are covered with a
case 13 made of synthetic resin (for example, nylon 66). A
connector portion 15 that connects a connector from an
ignition timing control device (not shown) 1s formed at the
mentioned case 13.

Numeral 2 designates a base of the knock sensor 1. This
base 2 consists of a disk-shaped flange portion 2a and a
tubular portion 26 axially extending from this flange portion
2a, and 1s provided with a through hole 3 running through
both of the mentioned flange portion 2a¢ and tubular portion
2b. A plurality of engagement grooves 11, 12 are formed on
the outer circumierential surface of the mentioned flange
portion 2a and on a tip outer circumierential surface of the
tubular portion 256, and make 1t sure to engage with the case
13 and to prevent the penetration of water from outside.
Further, a groove part 16 going round the outer circumfier-
ential surface of the mentioned tubular portion 25 1s formed
below the mentioned engagement groove 12 at the tip end
portion of the mentioned tubular portion 25.

Numeral 4 designates an annular piezoelectric element,
which 1s fitted onto the mentioned tubular portion 25, and
outputs axial vibration that 1s transmitted via the base as
voltage signals.

Numeral 5 designates a lower-side terminal plate made of
a conductive metal plate, which 1s 1n contact with the bottom
of the mentioned piezoelectric element 4 1n the sate of being
fitted onto the mentioned tubular portion 256 of the base 2.
Further, numeral 6 designates an upper-side terminal plate
likewise made of a conductive metal plate, which 1s 1n
contact with the top of the piezoelectric element 4 1n the
state of being fitted onto the mentioned tubular portion 26 of
the base 2. Numeral 14 designates a terminal part welded to
the mentioned lower-side terminal plate 5 and the mentioned
upper-side terminal plate 6, and this terminal part 14 forms
an electric terminal of the connector portion 15.

Numeral 7 designates an annular lower-side insulating
sheet made of a thin plate of insulating resin. This lower-side
insulating sheet 7 1s fitted onto the mentioned tubular portion
26 of the base 2, and located on the lower side of the
mentioned lower-side terminal plate 5 to provide electrical
1solation between the mentioned lower-side terminal plate 5
and the mentioned flange portion 2a of the base 2. Numeral
8 designates an annular upper-side msulating sheet made of
a thin plate of insulating resin. This upper-side insulating
sheet 8 1s fitted onto the mentioned tubular portion 25 of the
base 2, and located on the upper side of the mentioned
upper-side terminal plate 6 to provide electrical 1solation
between the mentioned upper-side terminal plate 6 and the
later-described weight 9.

Numeral 9 designates an annular weight functioming to
provide a vibration force to the mention piezoelectric ele-
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ment 4, and this weight 9 1s fitted onto the mentioned tubular
portion 26 of the base 2 and located on the top of the
mentioned upper-side msulating sheet B.

Numeral 10 designates a stopper ring, which 1s fitted onto
the mentioned tubular portion 26 and fixedly caulked into
the groove part 16 that 1s formed in the tip end portion of the
mentioned tubular portion 256 1n the state that the lower-side
insulating sheet 7, the lower-side termuinal plate 5, the
piezoelectric element 4, the upper-side terminal plate 6, the
upper-side msulating sheet 8 and the weight 9 each likewise
fitted onto the mentioned tubular portion 26 are sandwiched
and pressed between this stopper ring 10 and the mentioned
flange portion 2a. As shown in FIG. 1, the stopper ring 10
1s formed such that 1t has a portion that 1s recessed 1nto the
groove part 16. the portion of the stopper ring 10 1n the
groove part 16 has an outer diameter which 1s less than an
outer diameter of the stopper ring 10 at an area above or
below the portion recessed into groove part 16.

As described above, the knock sensor according to the
first embodiment 1s constructed such that an external load
can be directly applied to the stopper ring 1n axial direction,
and the stopper ring can be fixedly caulked into the tubular
portion 1n such a state.

Accordingly, supposing that positions of the stopper ring
are controlled while pressing downward the stopper ring 1n
axial direction, the components such as piezoelectric ele-
ment or weight can be sandwiched and pressed in the state
of being accurately adjusted with a predetermined preload,
thus enabling to make output characteristics or detection
sensitivity stable. Furthermore, since the stopper ring 1s
fixed to the tubular portion by caulking, metal chips prone
to be a cause of short circuit of a sensor are not produced.

In addition, although an annular groove part 1s formed on
the tip outer circumierential surface of the tubular portion,
it 1s not always limited to the annular groove part. It 1s also
preferable that a concave groove part 1s formed only in the
region ol being fixedly caulked on the tip outer circumier-
ential surface of the tubular portion.

Embodiment 2

Now, another embodiment 1s described with reference to
FIG. 2. FIG. 2 1s a cross sectional view of a knock sensor 20
showing a second embodiment of the invention. This second
embodiment 1s constructed substantially 1n the same manner
as the above-mentioned first embodiment. However, a disc
spring 25 1s fitted between the stopper ring 10 and the weight
9, and the stopper ring 10 1s fixedly caulked into the groove
part of the tubular portion 25 1n the state that components
such as the weight 9 or the piezoelectric element 4 are
sandwiched and pressed via the mentioned disc spring 25.

As described above, 1n the knock sensor according to the
second embodiment, due to the fact that the disc spring 1s
fitted between the stopper ring and the weight, 1t 1s possible
to prevent a piezoelectric element from breakage even if an
exceedingly large pressing load 1s applied suddenly; and 1t
1s also possible to make the vibration of the weight due to
knocking vibration of an internal combustion engine easy to
occur, thus enabling to achieve a knock sensor of higher
detection sensitivity.

Embodiment 3

FIG. 3 1s a cross sectional view of a knock sensor 30
showing a third embodiment of the invention. The foregoing
second embodiment 1s constructed such that the disc spring
25 1s fitted between the stopper ring 10 and the weight 9 as
a separate part. In the third embodiment shown 1 FIG. 3,
however, a disc spring 27q 1s formed as an integral part with
a stopper ring 27 concentrically.
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Accordingly, the knock sensor according to the third
embodiment enables to diminish the number of parts and
further to achieve improved assembling at lower cost.

Furthermore, although the above-mentioned second and
third embodiments are constructed such that components
such as weight or piezoelectric element are sandwiched and
pressed via a disc spring, it 1s not limited to a disc spring. It
1s also preferable that any elastic structure capable of apply-
ing a predetermined preload to the components 1s employed.

Embodiment 4

A manufacturing method of a knock sensor constructed as
described above 1s described with reference to FIGS. 4 and
5, taking the knock sensor 1 according to the foregoing first
embodiment as an example. As shown 1n FIG. 4, the base 2
of the knock sensor 1 consists of the disk-shaped flange
portion 2a and the tubular portion 26 extending axially from
this flange portion 2a, and provided with the through hole 3
running through both of the mentioned flange portion 2a and
tubular portion 26. The annular groove part 16 1s formed at
an outer circumierential surface of the tip end portion of the
mentioned tubular portion 2b. To manufacture the knock
sensor 1, the lower-side insulating sheet 7, lower-side ter-
minal plate 5, piezoelectric element 4, upper-side terminal
plate 6, upper-side 1nsulating sheet 8, weight 9 and stopper
ring 10 are put and fitted sequentially so as to be stacked on
the mentioned tlange portion 2a of the base 2.

Next, the stopper ring 10 i1s pressed downward while
applying an external load axially to a pressing metal tool 29
via a load meter such as load cell (not shown), and this
downward pressing action 1s stopped at a position where a
predetermined load 1s obtained. Then, a punch (not shown)
1s hammered 1n a direction indicated by the arrow A from the
side of the mentioned stopper ring as shown in FIG. 4 1n the
sate that the components such as piezoelectric element 4 and
weight 9 are pressed. Referring now to FIG. 5 showing the
caulking parts 28, the mentioned stopper ring 10 and the
mentioned tubular portion 26 are fixedly caulked at four
points of regions of the mentioned annular groove part 16 at
substantially regular intervals, and the mentioned compo-
nents are sandwiched and pressed with a predetermined load
between the mentioned stopper ring 10 and flange portion
2a. Thereafter, the terminal part 14 1s joined to the lower-
side terminal plate 5 and the upper-side terminal plate 6 by
soldering or resistance welding, and the resultant structure
other than an mnner circumiferential surface and both end
faces of the mentioned tubular portion of the base 2 1is
covered with a resin mold to form the case 13. Whereas, a
connector part 15 for fetching out signals 1s formed pro-
truding from one side face of the case 13 and 1s simulta-
neously molded with the terminal part 14 as an integral part.

In this manner, according to a manufacturing method of a
knock sensor of the fourth embodiment, an external load 1s
axially applied to the stopper ring while measuring 1t with a
load meter such as load cell, and pressing the stopper
downward 1s stopped at a position of a predetermined load
being obtained. Further, in the state of being held at this
position, the stopper ring and the tubular portion are fixedly
caulked imto the groove part from the side of the tubular
portion. Therelfore, 1t 1s possible to adjust a preload easily
and accurately; and 1t 1s further possible that components
such as piezoelectric element or weight are sandwiched and
pressed with a predetermined preload, thereby enabling to
make output characteristics or detection sensitivity stable.

In the method according to the above-mentioned fourth
embodiment, the stopper ring and the tubular portion are
fixedly caulked into the groove part formed on the outer
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circumierential surface of this tubular portion, in the state
that an external load 1s applied axially to the stopper ring
thereby the components such as piezoelectric element and
weight being pressed to the tlange portion; and the compo-
nents are sandwiched and pressed between the stopper ring
and the flange portion. However, 1t 1s also preferable that the
stopper ring 1s pressed downward while applying an external
load axially thereto, that an output voltage to be outputted
from a piezoelectric element 1s measured, that pressing the
stopper ring downward 1s stopped at a position of a prede-
termined voltage being obtained, and that the stopper ring 1s
fixedly caulked into the tubular portion at the groove part 1n
the state of being held at this position.

Furthermore, 1t 1s also preferable that the stopper ring 1s
pressed downward while applying an external load axially to
the stopper ring, that the change 1n electrical capacitance of
the piezoelectric element 1s measured, that pressing the
stopper ring downward 1s stopped at a position of a prede-
termined capacitance being obtained, and that the stopper
ring 1s fixedly caulked into the tubular portion at the groove
part formed on the outer circumierential surface of this
tubular portion.

Additionally, the above-mentioned fourth embodiment 1s
described taking the knock sensor according to the first
embodiment as an example. Also 1n the case of the knock
sensors according to the second and third embodiments
employing a disc spring, the manufacturing method accord-
ing to this mvention i1s preferably applied. That 1s, the
stopper ring 1s pressed downward while axially applying an
external load, positions of the stopper ring being pressed
downward 1s controlled to stop the stopper ring at a prede-
termined position by the above-described method, and the
stopper ring and the tubular portion are fixedly caulked 1n
the state that the stopper ring presses the components to the
flange portion. Therefore, it 1s possible that the components
are sandwiched and pressed accurately with a predetermined
preload 1rrespective of spring constant of the disc spring and
fluctuation 1n the spring constant.

Although the stopper ring and the tubular portion are
fixedly caulked at four points of regions of the groove part
formed on the tubular portion at substantially regular inter-
vals 1n the fourth embodiment, i1t 1s not always limited to
such a construction. Preferably, the stopper ring and tubular
portion have to be fixed at not less than two points of regions
at substantially regular intervals, or by all-round caulking
(rolling caulking). In addition, a caulking configuration 1s
not limited to that shown in FIG. S.

While the presently detailed embodiments of the present
invention have been shown and described. It i1s to be
understood that the mvention 1s not limited to the above-
mentioned embodiments and that various changes and modi-
fications may be made without departing from the technical
scope of the mvention.

What 1s claimed 1s:

1. A knock sensor comprising:

a metal base comprising a disk-shaped flange portion and

a tubular portion extending axially from said flange
portion, and provided with a through hole running
through both of said flange portion and said tubular
portion;

an annular piezoelectric element; a terminal plate; an

insulating sheet and a weight that are fitted onto the
tubular portion of said base;

a groove part on an outer circumierential surface of said

tubular portion; and

a stopper ring which applies an axial preload to said

weight disposed on said tubular portion,
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wherein said stopper ring 1s fixedly caulked into said
groove part, such that said stopper ring has a portion,
which 1s recessed 1nto said groove part, with an outer
diameter which 1s less than an outer diameter of said
stopper ring at an area above or below said portion
recessed 1nto said groove part.

2. The knock sensor according to claim 1, further com-
prising a disc spring fitted between the stopper ring and said
weight, such that said stopper ring applies an axial preload
to said weight via said disc spring.

3. The knock sensor according to claim 2, wherein said
stopper ring 1s molded integrally with the disc spring 1 a
concentric mannetr.

4. A manufacturing method of a knock sensor comprising:

fitting 1 sequence an annular piezoelectric element, a

terminal plate, an insulating sheet, and a weight onto a
base having a flange portion and a tubular portion;
pressing downward a stopper ring while applying an

external load 1n an axial direction;
controlling said pressing of said stopper ring to cause said
stopper ring to stop at a pre-determined position;

caulking fixedly said stopper ring into a groove part
formed on an outer circumierential surface of said
tubular portion in a state that said stopper ring presses
said weight towards said flange portion, such that said
stopper ring has a portion, which 1s recessed 1nto said
groove part, with an outer diameter which 1s less than
an outer diameter of said stopper ring at an area above
or below said portion recessed into said groove part;
and

holding said terminal plates, said insulating sheet and said

welght so as to be pressed between said stopper ring
and said tlange portion.

5. The manufacturing method of a knock sensor according,
to claim 4, wherein said pressing said stopper ring down-
ward 1s stopped at a position of a pre-determined load which
1s obtained while measuring an external load 1n an axial
direction that acts to press said stopper ring downward, and
said stopper ring 1s {ixedly caulked 1nto said groove part 1n
the state of being held at said position.

6. The manufacturing method of a knock sensor according
to claim 4, wherein a voltage output from said piezoelectric
clement 1s measured while applying said external load 1n
said axial direction to press said stopper ring downward, the
downward pressing 1s stopped at a position where a prede-
termined voltage 1s obtained, and said stopper ring 1s fixedly
caulked 1nto said groove part in the state of being held at said
position.

7. The manufacturing method of a knock sensor according,
to claim 4, wherein a change 1n electrical capacitance of said
piezoelectric element 1s measured while applying said exter-
nal load 1n said axial direction to press said stopper ring
downward, the downward pressing 1s stopped at a position
where a predetermined capacitance 1s obtained, and said
stopper ring 1s fixedly caulked into said groove part 1n the
state of being held at said position.

8. The manufacturing method of a knock sensor according,
to claim 4, wherein said stopper ring 1s fixedly caulked at not
less than two points of regions at substantially regular
intervals into said groove part.

9. The knock sensor according to claim 1, wherein said
groove part 1s provided at a tip portion of said tubular
portion.

10. The manufacturing method of a knock sensor accord-
ing to claim 4, wherein said groove part 1s provided at a tip
portion of said tubular portion.
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11. The knock sensor according to claim 1, wherein said
stopper ring 1s non-threadedly fixed to said groove part.

12. The manufacturing method of a knock sensor accord-
ing to claim 4, wherein said stopper ring 1s non-threadedly
fixed to said groove part.

13. The knock sensor according to claim 1, wherein
outside diameters of the stopper ring both above and below
said portion recessed into said groove part are larger than
said outside diameter of said portion recessed into said
groove part.

14. The manufacturing method of a knock sensor accord-
ing to claim 4, wherein outside diameters of the stopper ring
both above and below said portion recessed into said groove
part are larger than said outside diameter of said portion
recessed 1nto said groove part.

15. A knock sensor comprising:

a metal base comprising a disk-shaped flange portion and

a tubular portion extending axially from said flange
portion, and provided with a through hole runmng
through both of said flange portion and said tubular
portion;

an annular piezoelectric element, a terminal plate, an

insulating sheet and a weight that are fitted onto the
tubular portion of said base;

a groove part on an outer circumierential surface of said

tubular portion; and
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a stopper ring which 1s caulked into said groove part to
apply an axial preload to said weight.

16. The knock sensor according to claim 15, further
comprising a disc spring fitted between said stopper ring and
saild weight, such that said stopper ring applies an axial
preload to said weight via said disc spring.

17. The knock sensor according to claim 16, wherein said
stopper ring 1s molded integrally with said disc spring 1n a
concentric manner.

18. The knock sensor according to claim 15, wherein said
groove part 1s provided at a tip portion of said tubular
portion.

19. The knock sensor according to claim 15, wherein said
stopper ring 1s non-threadedly fixed to said groove part.

20. The knock sensor according to claim 135, wherein said
stopper ring and said tubular portion are fixedly caulked 1nto
said groove part, such that said stopper ring has a portion,
which 1s recessed into said groove part, with an outer
diameter which 1s less than an outer diameter of said stopper
ring at an area above or below said portion recessed 1nto said
groove part.
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